Glycerylphosphorylcholine (GPO) diesterase activity and protein concentration in the rinsings of the rat uterus were greater during pro-oestrus and oestrus than at metoestrus or dioestrus.
INTRODUCTION
Both in vivo and in vitro techniques have been extensively used to study the effect of oestrogens on the activity of enzymes in the tissues responsive to oestrogen. Much of this work has been aimed at determining the fundamental action of oestrogens [see Talalay and Williams-Ashman (1960) and Villee, Hagerman, and Joel (1960) for reviews] and has often involved a description of the early biochemical events underlying the later gross morphological changes in the uterus and vagina (Mueller 1960) . Less attention has been paid to the secretions of the female reproductive tract and there is little information on the hormonal control of their production and composition or on the role they must play in the reproductive processes. However, from the review by Olds and VanDemark (1957) and more recent papers (Bishop 1957; Howard and de Feo 1959; Mastroianni et al. 1961; Ringler 1961; Heap 1962; Heap and Lamming 1960, 1963) it is clear that the luminal fluids of the uterus and oviduct are distinct secretions of these organs, varying in composition and quantity with the endocrine state of the animal. The significance of these changes is not yet clear, although it is evident from the report by White and Wallace (1961) that these secretions may have other functions than merely providing a nutrient medium for survival of the gametes until fertilization and the subsequent nidation of the ovum. This paper deals with the relationship between the ovarian hormone status of the rat and the activity of an enzyme in the uterine secretions responsible for the breakdown of seminal glycerylphosphorylcholine (GPC). This unusual organic compound occurs in high concentrations in mammalian semen (Dawson, Mann, and White 1957) and the occurrence of a GPC-splitting diesterase in the luminal fluid of the female reproductive tract (White and Wallace 1961; Wallace and White, unpublished data) would seem to provide a means for making the glycerol component of the molecule available as an energy source for the spermatozoa. Although GPO as such is not utilized by mammalian spermatozoa, glycerol and phosphoglycerol are readily oxidized (White, Blackshaw, and Emmens 1954; White 1956a, 1956b; White 1957) .
II. MATERIALS AND METHODS

(a) Animals
Randomly bred albino rats of the Oastle Hill strain were used. Ovariectomy was carried out at 4 weeks of age, the animals primed 2 weeks later with lO p,g oestradiol and used in the experiment 2 weeks after priming. Intact animals with regular 5-day oestrous cycles were used when approximately 12 weeks old. The rats were randomized to experimental groups and housed lO per cage. Food and water were supplied ad lib. Injections of the oestradiol-3,17~ were given subcutaneously in the back in 0·1 ml peanut oil. Oontrol animals received 0·1 ml peanut oil 48 hr before being killed. The animals were killed by cervical dislocation and each uterine horn was dissected free of fat and weighed to the nearest 0·1 mg. In experiment 2, dry weights were recorded to the nearest 0·1 mg after 24 hr at 70°0. The vascularity of the uteri was scored immediately after killing and graded on an arbitrary scale of 1-6 (expt. 1) and 1-4 (expt. 2).
(b) Enzyme Assay
Each uterine horn was rinsed with 1·0 ml of calcium-free Krebs-Ringer phosphate (Umbreit, Burris, and Stauffer 1957) and the rinsings collected in a graduated centrifuge tube. Recovery of the fluid was virtually quantitative. Oare was taken to maintain the rinsings at 0-2°0 from collection until the incubation period commenced. Mter removing any cellular debris or blood cells by centrifuging for 20 min at 1500 g, an aliquot of the pooled uterine rinsings from each animal was incubated for 3 hr or overnight (15 hr) at 37°0 in the presence of lO% vlv ram seminal plasma and lOOO i.u./ml of both penicillin and streptomycin. Seminal plasma was used as a source of GPO because it is the normal physiological vehicle for the uterine diesterase substrate and the cost of the pure compound was prohibitive at the time of these studies. Ram seminal plasma was chosen because it is more readily available than rat seminal plasma and contains high concentrations of GPO but no phosphorylcholine (Dawson, Mann, and White 1957) . The solutions were deproteinized by adding 1 volume of 0·15M ZnS04 and 1 volume of 0·3N Ba(OH)2. The choline liberated from the GPO by the diesterase was used as a measure of enzyme activity. The choline was estimated in the neutral deproteinized filtrate as a complex with potassium triodide by the method of Kushner (1956) .
(c) Protein Determination
The protein concentration in the uterine rinsings was determined by measuring the optical density at 2lO mp, (Tombs, Souter, and MacLagen 1959) after preliminary observations had confirmed the applicability of the technique to this biological fluid.
(d) Haemoglobin
Haemoglobin was estimated by the method outlined in Heilmeyer (1943) . Spectral measurements were made with a Hilger Uvispek or a Unicam SP600 spectrophotometer.
(e) Statistics
Results were transformed to logarithms and the analyses of variance were carried out on the SILLIAC, an automatic digital computer, in the Physics Department, University of Sydney. Non-significant interactions are sometimes grouped in the tables to save space. 
III. RESULTS
In the first experiment, 10 animals in each of the four stages of the oestrous cycle--dioestrus, pro-oestrus, oestrus, and metoestrus-were selected after the examination of vaginal smears taken on 2 consecutive days. The diesterase activity and the protein concentration of the uterine rinsings and the uterine wet weight and vascularity were recorded. The results and the analyses of variance are summarized in Table 1 . There was no difference between dioestrus and metoestrus or between pro-oestrus and oestrus over all parameters, but the difference between the summed results of dioestrus plus metoestrus and pro-oestrus plus oestrus was highly significant ..
In view of the report by Dawson (1956) of GPO diesterase activity in rat erythrocytes, care was taken to exclude this possible source of the enzyme from confusing the interpretation of the results. The cell-free rinsings taken for protein estimation 
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were pooled within the same stage of the oestrous cycle, and concentrated. The bands of the visible spectrum characteristic of haemoglobin were examined, but it was evident that although the absorption at 410 mfL and at 540 mfL relative to that at 210 mp' was higher for the rat uterine rinsings than for a purified protein (bovine serum albumin), there was little difference between the four stages. Nor was there any indication of absorption maxima at 4lO, 540, and 580 mp. which were characteristic of haemoglobin.
As the increase in diesterase activity paralleled the increasing oestrogen dominance of the oestrous cycle, in the next experiment the change i~ the enzyme activity was measured at varying times after a single subcutaneous injection of oestradiol to ovariectomized rats. The design was a 4 X 2 factorial with four times of injection (12, 24, 36, and 48 hr) and two doses of oestradiol-3,17~ (0·1 and lO p.g ). There were four animals per group, the tissues from two being pooled to allow a comparison of two incubation times (3 and 15 hr) in a split-plot design (Cochran and Cox 1957) . Increasing the dose of oestradiol significantly increased the enzyme activity of the uterine rinsings and this activity reached a maximum 24-36 hr after the injection (Table 2 ; Fig. 1 ). The longer incubation time provided a more sensitive assay since these effects were more pronounced after 15 hr of incubation, as seen in the significant effect of incubation time and the interactions with incubation time in the analysis of variance (Table 2) . These changes in enzyme activity did not parallel the changes in the protein content of the uterine rinsings, which at both doses showed a significant decrease from 12 to 48 hr after injection (Table 3 ). The observed increases in wet weight at the higher dose were not significant in the analysis of variance (Table 3) , although at all dose-time combinations the wet weight was higher than the control values. There was no significant change in the vascularity of the uterus with time after injection of oestradiol. Animals which received oestradiol treatment had a greater development of uterine vascularity than the controls but surprisingly the lower dose had a significantly greater effect. Table 4 shows that the enzyme activity (calculated from the 15-hr incubation) per unit wet and dry weight of the uterus increased with the dose of oestrogen and also reached a peak 24-36 hr after injection.
IV. DISCUSSION
Although few studies have been made of the luminal fluid of the female reproductive tract (Olds and VanDemark 1957; Howard and de Feo 1959; Polge 1960; Heap and Lamming 1963) and even fewer reports of studies made of enzymic activity in this secretion, it is evident that its composition is much influenced by the ovarian hormones. The results presented in this paper show that in the rat the secretion of a luminal fluid enzyme breaking down seminal GPC is stimulated by both endogenous and injected oestrogen. This finding may explain the function of this important component of the semen of many species (Wallace and White, unpublished data) as the occurrence of maximal diesterase activity, i.e. at pro-oestrus and oestrus, coincides with the period when seminal GPC would be expected in the female tract.
The activities of several endometrial and myometrial enzymes are similarly related to the oestrous cyde (see, for example, Jenner 1948; Harris and Cohen 1951; Hadek 1955; Bo 1959; Albers, Bedford, and Chang 1961) ; however, the secretion of some uterine enzymes (e.g. carbonic anhydrase) is depressed by oestrogens (Leonard and Knobil 1950; Harris and Cohen 1951; Lutwak-Mann 1955; Herbener and Atkinson 1959; Miyake and Pincus 1959; Ogawa and Pincus 1962) . In the present studies the increase in the GPC diesterase activity of the uterine rinsings following 
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t Error mean square. oestrogen injection was independent of the wet and dry weight and vascularity of the uterus and the protein content of the rinsings. Similarly at pro-oestrus and oestrus the increase in enzyme activity was relatively greater than the changes observed in the other parameters_
The changes in total diesterase activity and activity per unit weight (Table 2 ; Fig. 1 ) are similar to those in uterine ~etabolism in the rat after the injection of oestradiol as demonstrated by Mueller (1960) . This author showed that ribonucleic acid accumulation is at a peak 20-24 hr after injection and immediately precedes a phase of rapid protein synthesis. The decline in diesterase activity by 48 hr is reminiscent of the studies of Mueller (1960) on the incorporation of [14C]glycine into the uterus and not unlike the results of Scott and Lisi (1960) with glucose 6-phosphate dehydrogenase and phosphogluconate dehydrogenase in the rat uterus.
The greater protein concentration of the uterine rinsings at pro-oestrus and oestrus compared with dioestrus and metoestrus contrasts with the changes in protein concentration reported by Heap and Lamming (1963) for the luminal fluid of the rat. However, Ringler (1961) found an increase in luminal fluid protein after oestrogen and in the present experiments the luminal fluid protein was elevated 12 hr after the injection of oestradiol.
The haemoglobin estimations on the uterine rinsings from the first experiment exclude erythrocytes as a source of the diesterase enzyme. Confirmation of this was obtained in the second experiment, in which there was no relationship between trends in enzyme activity and uterine vascularity after oestradiol administration.
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